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Key words: executive function; preschool; vocabulary; early childhoodExecutive function (EF) skills are deﬁned as a set of cognitive processes integral to
the emerging self-regulation of behaviour and the development of social and
cognitive competence in young children (Blair, 2002). The development of EF skills
mirrors the growth of the prefrontal cortex during the early years (Blair, 2002;
Posner & Rothbart, 2000). That is, EF skills start developing in children as early
as the end of the ﬁrst year (Rueda, Posner, & Rothbart, 2005), followed by substan-
tial developmental growth in EF during the preschool years (Welsh, Nix, Blair,
Bierman, & Nelson, 2010; Zelazo & Müller, 2002). Recent ﬁndings suggest that
EF skills predict children’s short-term and longer-term developmental outcomes.
Children with higher EF skills are more likely to outperform their peers (with
lower EF) in their academic skills in preschool and elementary school (Blair &
Razza, 2007; Howse, Lange, Farran, & Boyles, 2003; McClelland, Acock, & Morri-
son, 2006; McClelland, Morrison, & Holmes, 2000; McClelland et al., 2007; Welsh,
Nix, Blair, Bierman, & Nelson, 2010), and in their college outcomes (McClelland,
Acock, Piccinin, Rhea, & Stallings, 2013). Children with higher levels of EF during
their early years also become more socially competent in preschool and elementary
school (Carlson & Moses, 2001; Espy, Shefﬁeld, Wiebe, Clark, & Moehr, 2011;
Hughes & Ensor, 2008, 2011), and seem to have better health, wealth, and crime
outcomes in adulthood (Mofﬁtt et al., 2011).
Scholars of EF argue that preschool tasks often demand the use of three EF
constructs or factors: inhibitory control, attention shifting, and working memory
(Best & Miller, 2010; Bierman, Nix, Greenberg, Blair, & Domitrovich, 2008;
Friedman et al., 2006). Inhibitory control is deﬁned as the ability to suppress
prepotent responses. Children exhibiting inhibitory control can stop automatic
responses and behaviours and use more alternative, less automatic ones. In
the classroom, they can block distractions from peers and focus on learning
(Carlson & Moses, 2001; Diamond, Carlson, & Beck, 2005). Attention shifting
is the ability to direct one’s attention as necessary to a given stimulus (Morrison,
Ponitz, & McClelland, 2010). This factor is sometimes also called cognitive ﬂexibility
(Best & Miller, 2010). Children with well-developed attention-shifting skills are able
to sustain and switch attention from one stimulus to the next and shift tasks when
necessary (Bierman et al., 2008). Conceivably, in the classroom, this ability allows
the child to navigate transitions between different classroom activities successfully.
Working memory allows preschoolers to retain and manipulate unrelated informa-
tion for learning (e.g.Morton&Munakata, 2002). For example, in preschool, children
are often expected to recall, apply, and associate new knowledge in different
classroom activities.
There is now growing consensus from studies of preschoolers in the US, UK, and
Chile that EF skills in preschool are unidimensional in nature (Barata, 2011; Fuhs &
Day, 2011; Hughes, Ensor, Wilson, & Graham, 2010; Wiebe, Espy, & Charak, 2008).
Differentiation into more distinct factors appears to occur later in development
(Friedman et al., 2006; Friedman et al., 2008; Huizinga, Dolan, & van der Molen,
2006; Miyake et al., 2000).
There is increased interest in understanding the relation between EF skills and
other developmentally important skills, including children’s receptive vocabulary.
Receptive vocabulary is essential in communicating with others and has been
consistently linked with later reading outcomes (Scarborough, 2001). A recent3 John Wiley & Sons, Ltd. Inf. Child. Dev. 23: 4–21 (2014)
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deﬁned as the ability to produce or comprehend spoken language, including
vocabulary and grammar—were predictive of decoding and spelling skills in
ﬁrst and second grades (National Early Literacy Panel, 2008). Vocabulary is
also strongly tied to the emergence of phonological awareness (Cooper, Roth,
Speece, & Schatschneider, 2002; Lonigan, 2006; Scarborough, 2001). Vocabulary
acquisition sets the stage for children’s implicit comparisons between similar-
sounding words, and such comparisons are one basis for the emergence of
phonological awareness (Goswami, 2001). Phonological awareness in turn also
has been linked to later literacy outcomes, including decoding, spelling, and
comprehension skills in early elementary school (National Early Literacy Panel,
2008; Scarborough, 2001).
At present, the direction of the developmental pathways between EF skills and
language skills is unclear. Some evidence suggests that EF skills in preschool may
support development of language skills. For example, empirically, higher EF skills
in preschool are positively associated with better language skills in both preschool
and elementary school (Gathercole & Pickering, 2000; Gathercole, Pickering,
Knight, & Stegmann, 2004; Howse et al., 2003; Lehto, 1995; McClelland et al.,
2000, 2007; Ponitz, McClelland, Matthews, & Morrison, 2009). Conceptually, EF
skills help children focus on multiple streams of information at the same time,
monitor errors, and make decisions in light of available information, which is
essential in children’s acquisition and development of initial language skills
(Diamond, 2013). Neurobiological (Blair, 2002; Blair & Diamond, 2008; Blair
et al., 2011; Blair & Peters, 2003) and cognitive mechanisms (Best and Miller,
2010; Diamond, 2013) have been purported for this pathway. According to the
neurobiological models, early experiences determine stress physiology and cortex
development (including the development of the prefrontal cortex) that are likely to
regulate EF skills in the organization of information in goal-directed activities,
such as learning (Blair et al., 2011). According to the cognitive model, EF refers
to a family of top–down mental processes needed to control one’s actions and
thoughts at will in order to learn from one’s surroundings, particularly when
relying on automatic processes would be ill-advised or impossible (Diamond, 2013).
However, it is also possible that this developmental pathway could be reversed;
language skills in preschool could support the acquisition and development of EF
skills. One hypothesized mechanism for this association is that better receptive
vocabulary could build EF skills by enhancing children’s outer and then inner
speech. Improved self-talk may then improve EF, as children become better able
to plan and monitor their behaviour (Fuhs & Day, 2011; Zakin, 2007). This mecha-
nism is aligned with Vygotskyan theories that posit that private speech in young
children is a precursor of verbal thinking and serves as a carrier of thought at
the time when most higher mental functions, such as EF skills, are not fully devel-
oped (Bryck & Fisher, 2012; Vygotsky, 1978). Private speech also helps children
regulate both their overt and mental behaviours. In fact, recent empirical evidence
seems to support the role of self-verbalization in the performance of demanding
EF situations like task switching (Bryck & Mayr, 2005; Emerson & Miyake, 2003).
Empirically, several studies have found that higher verbal ability is positively asso-
ciated with children’s performance in EF tasks among toddlers and preschoolers
(Carlson, Mandell, & Williams, 2004; Carlson, Moses, & Claxton, 2004; Hughes
& Ensor, 2007; Kirkham, Cruess, & Diamond, 2003; Miller & Marcovitch, 2011).
To our knowledge, only one prior study has examined the direction of the
developmental pathways between EF and language abilities in preschool-aged
children. Among a sample of 132 children who ranged in age from three to ﬁveCopyright © 2013 John Wiley & Sons, Ltd. Inf. Child. Dev. 23: 4–21 (2014)
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verbal ability supported spring EF, controlling for fall EF. There was no reciprocal
relation between the two domains; that is, fall EF did not support spring verbal
ability, controlling for fall verbal ability.THE PRESENT STUDY
There is a need for additional studies of the developmental pathways between
language skills and EF that posit and ﬁt latent factor models to investigate recipro-
cal associations between language skills and EF skills, as such models account for
the error in each manifest variable (Kline, 2011) and allow the researcher to test
hypotheses about the latent structure of EF directly and to examine its dimensionality
(Barata, 2011). In that vein, we investigated the structural relation between a latent
factor representation of EF at the beginning of preschool and subsequent receptive
vocabulary skills at the end of preschool using crossed-lagged structural equation
models. In accordance with the hypothesis that there may be a reciprocal association
between EF skills and receptive vocabulary, we also examined the structural relation
between beginning-of-preschool receptive vocabulary and a latent factor representa-
tion of end-of-preschool EF. This model is presented in Figure 1. Speciﬁcally, we
addressed the following two research questions:
1. Is beginning-of-preschool EF, as represented by a latent factor structure,
positively associated with later receptive vocabulary skills, controlling for
prior receptive vocabulary skills?
2. Is beginning-of-preschool receptive vocabulary positively associated with
later EF skills, as represented by a latent factor structure, controlling for prior
EF skills?Figure 1. Structural model describing the ﬁtted associations between latent factor structures
for executive function and receptive vocabulary at the beginning and end of preschool.
Copyright © 2013 John Wiley & Sons, Ltd. Inf. Child. Dev. 23: 4–21 (2014)
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Participants and Setting
The study sample included 400 children attending an urban public preschool
programme in 2009–2010 in a large urban public school district in the Northeastern
USA. The preschool programme is open to any 4-year-old in the city; there are no
income requirements or other criteria for enrollment as there are in many preschool
programmes (Barnett et al., 2010). The programme has been shown to havemoderate
effects on children’s receptive vocabulary and small effects on children’s EF skills
(Weiland & Yoshikawa, 2013). Sample children represent a subset of the 1049
children who agreed to participate in an evaluation of the 4-year-old preschool
programme in fall 2009 (Weiland & Yoshikawa, 2013). In spring 2010, 400 children
tested in fall 2009 were randomly selected to be tested again, as part of the district’s
regular bi-annual programmemonitoring. On average, there were 178days between
the fall and spring testing sessions (range= 61–259days).
Participants were diverse in their background characteristics and were approxi-
mately representative of the district’s 4-year-old population. Overall, 67% of sample
children received free/reduced lunch, 12% were classiﬁed as having a special need,
and 51% were male. In terms of language, 27% spoke Spanish at home, 52% spoke
English at home, and the remaining 21% spoke a language other than Spanish or
English at home. In terms of racial/ethnic diversity, 44% were Hispanic, 29% were
Black, 17% were White, and 11% were Asian. Thirteen children of mixed race/
ethnicity who were tested in both fall and spring were excluded from the present
study because of the unclear meaning/deﬁnition of that subgroup. Average child
age at time of fall testing was 4.5 years and at the time of spring testing, 5.0 years.
All study teachers had at least a bachelor’s degree. In the study year, a literacy
curriculum, Opening the World of Learning (OWL; Schickedanz & Dickinson, 2005),
and a mathematics curriculum, Building Blocks (Clements & Sarama, 2007a), were
in place system-wide in 4-year-old classrooms and had been in place since the
2007–2008 school year. Both curricula have shown positive results in other contexts
(Ashe, Reed, Dickinson, Morse, & Wilson, 2009; Clements & Sarama, 2007b),
although evidence for the effectiveness of the OWL is mixed (Dickinson, Freiberg,
& Barnes, 2011; Dickinson, Kaiser, et al., 2011). While the OWL directly targets
vocabulary, neither the OWL nor Building Blocks speciﬁcally targets EF skills.Procedures
Child assessments were conducted in one-on-one pull-out sessions in the child’s
school with trained child assessors. In the fall session, child assessors had to prove
reliability on the battery of tests and show good rapport/child management skills
in both simulated and real testing situations. Children were assessed on 10 tests,
ﬁve of which we use in the present study (Peabody Picture Vocabulary Test
(PPVT), Pencil Tap, Forward Digit Span (FDS), Backward Digit Span (BDS), and
the Dimension Change Card Sort; see Weiland & Yoshikawa, 2013, for the full list
of fall assessments). On average, the battery of tests took approximately 45–50min
to administer. Assessors were instructed to test children in one session if possible
but to divide the session into smaller segments if children showed signs of fatigue.
Because of the session length, we randomly varied the order of the tests to limit the
possibility of systematically biassing results because of child fatigue. The assessors
visited classrooms in fall 2009, as close to the start of the school year as teacher/
school schedules and study stafﬁng would allow.Copyright © 2013 John Wiley & Sons, Ltd. Inf. Child. Dev. 23: 4–21 (2014)
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also had to prove reliability on the battery of tests and show good rapport/child
management skills in both simulated and real testing situations. Assessment
sessions were similar to the fall sessions in that the order of the tests was systemati-
cally varied. Because of funding reasons, the spring batterywas considerably shorter,
taking on average 20–30min, and assessors administered four direct child assess-
ments (PPVT, Pencil Tap, FDS, and BDS). Because EF is a unidimensional construct
in early childhood and to keep the testing session no longer than 20–30min, we
elected not to administer the Dimension Change Card Sort in the spring, as it was
the most time-intensive measure of EF in our fall battery.
In both testing sessions, all children were tested in English. Also, in both
sessions, assessor reliability was assessed using study-developed checklists for
assessor testing and results recording. Assessors had to exhibit use of the correct
rules of the assessments (start/stop rules, item order, etc.), as well as reliable
recording of participants’ responses.Measures
We describe the instruments that we used to create the manifest variables that are
incorporated into the hypothesized structural models organized by the common
latent construct from which they are hypothesized to be derived.
Working memory
In both the fall and the spring, assessors administered two tests of children’s
working memory—FDS (Gathercole & Pickering, 2000) and BDS (Gathercole &
Pickering, 2000). In both tasks, the assessor read aloud a string of numbers to
the test child, with approximately a 1-s pause between digits. The child then either
had to repeat back exactly what the assessor said (in FDS) or reverse the string of
numbers (in BDS). Before trial items were administered, the child had to pass a
practice trial, demonstrating that he or she understood the directions of the task.
In both tasks, the child had two opportunities to demonstrate that he or she had
a working digit span memory of a given number of digits. For the FDS, there were
10 possible items—two items with two numbers, two items with three numbers,
and so on, up to two items with six digits. For the BDS, there were eight possible
items; the two most difﬁcult items had ﬁve digits. The tests were discontinued
when a child missed two items in a row. FDS was scored from 1 to 6, while
BDS was scored from 1 to 5. The score represented the child’s digit span memory
(i.e. a 2 represents a digit span memory of two digits). Because both BDS and FDS
scores were not normally distributed in our sample, we treated them as ordinal
variables in all conﬁrmatory factor analysis (CFA) and structural equation
modelling (SEM) analysis.
The BDS and FDS measure different dimensions of working memory. BDS is
considered a measure of the central executive component, while FDS is considered
a measure of phonological loop. These are but a subset of the factors underlying
the common working memory latent factor (Alloway et al., 2004). The structure
of working memory in prekindergarten children is outside of the scope of the
present study.
Attention shifting
In the fall, children were assessed with one measure of attention shifting, the
Dimensional Change Card Sort (DCCS). In the DCCS (Frye, Zelazo, & Palfai,Copyright © 2013 John Wiley & Sons, Ltd. Inf. Child. Dev. 23: 4–21 (2014)
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sions of colour and shape (e.g. red and blue, and rabbits and boats). Children
learned to sort the cards according to one dimension (shape or colour), and then
they were asked to sort the cards according to the other dimension. After up to
four practice trials on each of the two dimensions to conﬁrm that children under-
stood the rules, the assessor administered up to 10 trials on the DCCS. After six
trials, if a child had missed more than one trial, the test was discontinued. If the
child had missed only one or zero trials, the assessor continued until trial 10. To
ease demand on children’s working memory and to help minimize risk of conﬂat-
ing measurement of the working memory and attention-shifting constructs,
between each trial, children were either asked to restate the rules or were reminded
of the rules. The DCCS ﬁnal total score represented the number of trials (out of 10) in
which the child managed to shift attention from the prior criterion to correctly sort
the cards according to the new criterion. The total score was non-normally distrib-
uted, with considerable pileup of observations at the lowest and highest possible
values at each time point, as described in previous studies using this measure
(Bierman et al., 2008). As such, we created an ordinal version of the total score, where
DCCS=2 if the total scorewas equal to 10 (a perfect score), DCCS=1 if the total score
less than 10 but greater than 0, and DCCS=0 if the total score was equal to 0. In all
CFA and SEM models, we treated DCCS as ordinal.
Inhibitory cognitive control
One measure was used to assess inhibitory control in the fall and spring: the
Pencil Tapping (PT;, Diamond & Taylor, 1996) task. In this cognitive performance
task, the child was asked to tap twice if the evaluator tapped once and tap once
if the evaluator tapped twice. Assessors ﬁrst administered a set of practice trials
(up to six) to ensure that children understood the rules of the task. Children who
passed the practice were then given 16 total trials. The task measures mostly
children’s inhibitory cognitive control and, to a lesser degree, working memory
and ﬁne motor activity (Bierman et al., 2008). Scores represented the correct number
of trials out of 16. The score variable was non-normally distributed, so we created a
discretized version where PT=3 if the score was great than 14, PT= 2 if the score was
between 7 and 14, PT= 1 if the score was between 1 and 6, and PT=0 if the score was
0. In all CFA and SEM models, we treated PT as ordinal.
Receptive vocabulary
Children’s receptive vocabulary was measured using the PPVT-III (Dunn &
Dunn, 1997), a nationally normed measure that has been widely used in diverse
samples of young children (Love et al., 2005;Wong et al., 2007). The test has excellent
split-half and test–retest reliability, as well as strong qualitative and quantitative
validity properties. It requires children to choose which of four pictures best repre-
sents a stimulus word. In analysis, we used the raw score from the PPVT-III, as the
standardized score reduced the variance in our sample.Data Analytic Approach
We used SEM with Mplus 6.0 (Muthen & Muthen, 2010) Los Angeles, CA, United
States, to answer our research questions. Models with CFI and TLI values above .9
and RMSEA values below .05 were considered to have ‘good’ ﬁt (Kline, 2011). We
began by ﬁrst using CFA to evaluate the psychometric structure of the EF construct.
Next, we ﬁt a longitudinal conﬁgural invariance measurement model across the twoCopyright © 2013 John Wiley & Sons, Ltd. Inf. Child. Dev. 23: 4–21 (2014)
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metric invariance (equal factor loadings across time). Our invariance work was
essential to determine whether EF skills have the same factor structure at the begin-
ning and end of preschool (Kline, 2011). Becausewe treated themanifest indicators of
EF at time 1 and time 2 as ordinal, we computed χ2 difference tests using the
DIFFTEST option in Mplus, as standard χ2 difference testing is inappropriate when
using WLSMVestimation. In all longitudinal models, EF measures gathered at time
1 and time 2 were allowed to load unto a shared latent measurement factor
(e.g. FDS1 and FDS2 loaded onto a shared latent factor, and BDS1 and BDS2
loaded onto a different shared latent factor). This was mathematically equivalent
to allowing an EF measure collected at time 1 to correlate with the same measure
collected at time 2 (Kline, 2011).
Finally, we added receptive vocabulary and ﬁt a structural model that
addressed our research questions. The structural model included a clustering
adjustment for the nesting of students within school, as well as a set of control
covariates (student age, a set of dichotomous indicators for Black, Hispanic, and
Asian race/ethnic groups, and a set of dichotomous indicators for Spanish home
language and non-Spanish and non-English home language, for student free-lunch
and reduced-lunch status, and for student gender). We allowed the covariates to
correlate with EF and receptive vocabulary at time 1 and estimated structural paths
between the covariates and the time 2 EF and receptive vocabulary variables. In all
models, we assumed data were missing at random, and we used full information
maximum likelihood to impute missing data (Graham, 2009).RESULTS
To examine patterns among the EF skills and receptive vocabulary outcomes, weﬁrst
computed sample descriptive statistics and zero-order correlations (see Table 1). As
shown in Table 1, on all child outcome measures, the sample average was higher
at time 2 than time 1. Sample correlations revealed highly statistically signiﬁcant
relations between all variables (p< .001; see Table 2). Correlations between EF
assessments were generally moderate in magnitude (.40 or lower). Correlations
among all variableswere relatively stable from the beginning to the end of prekinder-
garten.Missing data information on EF and receptive vocabularymanifest indicators
are displayed in Table 1. There were no missing data on student-level covariates.
Conﬁrmatory factor analysis of the hypothesized latent EF construct at time 1
had adequate ﬁt ( χ2 = 2.10, CFI = 1.00, TLI = .99, RMSEA= .01). At time 2, there
were only three indicators of EF, so the CFA model was just identiﬁed and ﬁt
was perfect ( χ2 = .00, CFI = 1.00, TLI = 1.00, RMSEA= .00). In a longitudinal
conﬁgural invariance model in which we ﬁt time 1 and time 2 latent EF models,
we found evidence for conﬁgural invariance ( χ2 = 12.24, CFI = .99, TLI = .99,
RMSEA= .02).1 Likewise, we found that longitudinal metric invariance, in which
we constrained the factor loadings at time 1 and time 2 to be equal, held. Comparing
the metric invariance to the conﬁgural invariance models, χ2 difference tests indi-
cated that we failed to reject the null hypothesis that the metric invariance model
had worse ﬁt than the conﬁgural invariance model ( χ2(2, N=17) = 3.50, p= .17).
Figure 1 displays the ﬁtted structural equation model that addresses our
research questions. As shown in the ﬁgure, EF at time 1 was strongly correlated
with receptive vocabulary at time 1 (r= .65, p< .001), while EF at time 2 showed
only a small correlation with receptive vocabulary at time 2 (r= .33, p< .001). EF at
time 1 was a strong predictor of EF at time 2 (β22 = .65; p< .001), while vocabularyCopyright © 2013 John Wiley & Sons, Ltd. Inf. Child. Dev. 23: 4–21 (2014)
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Table 2. Sample Pearson bivariate correlation coefﬁcients among the manifest indicators of
executive function skills and receptive vocabulary at the beginning of preschool (time 1) and
end of preschool (time 2)
FDS1 BDS1 PT1 DCCS1 PPVT1 FDS2 BDS2 PT2 PPVT2
FDS1 1
(374)
BDS1 .21 1
(348) (351)
PT1 .21 .40 1
(361) (349) (363)
DCCS1 .26 .35 .39 1
(372) (351) (363) (379)
PPVT1 .34 .44 .42 .52 1
(371) (350) (362) (376) (378)
FDS2 .39 .22 .26 .24 .40 1
(373) (350) (362) (378) (377) (399)
BDS2 .31 .48 .39 .36 .48 .37 1
(372) (349) (361) (377) (376) (398) (398)
PT2 .23 .29 .53 .37 .38 .37 .36 1
(372) (350) (362) (377) (377) (376) (398) (398)
PPVT2 .37 .43 .43 .52 .82 .47 .52 .42 1
(371) (348) (360) (376) (375) (397) (396) (396) (397)
Note: All correlations shown are statistically signiﬁcant at the p< .001 level. Number of observations
included in each pairwise correlation is indicated in parentheses. BDS, Backward Digit Span; DCCS,
Dimensional Change Card Sort; FDS, Forward Digit Span; PPVT, Peabody Picture Vocabulary Test;
PT, Pencil Tapping.
Executive Function and Receptive Vocabulary Development in Preschool 13at time 1 was a moderate predictor of vocabulary at time 2 (β11 = .41; p< .001). Also
shown in Figure 1, EF at time 1 was positively associated with receptive vocabulary
at time 2, controlling for receptive vocabulary at time 1 (β12 = .32; p< .001). Thus,
with regard to our ﬁrst research question, EF at the beginning of preschool was a
statistically signiﬁcant predictor of end-of-preschool receptive vocabulary, control-
ling for beginning-of-preschool receptive vocabulary.
Regarding our second research question, receptive vocabulary at the beginning
of preschool (time 1) was not associated with EF at the end of preschool (time 2),
after controlling for EF at time 1. The estimated structural parameter for this
association was non-signiﬁcant (p> .05) and close to zero in magnitude.
Finally, we examined the sensitivity of our conclusions to our decision to treat
EF manifest variables as ordinal. Speciﬁcally, we reﬁt our ﬁnal model using contin-
uous versions of the DCCS and PT tests and treating the two digit-span tests as
continuous. Results were robust to treatment of manifest EF indicators as ordinal
or continuous (e.g. the magnitude of the association between receptive vocabulary
at time 1 and EF at time 2 was 0.04 (p= .75), while the association between EF at
time 1 and receptive vocabulary was 0.35 (p< .001)). We also checked the sensitiv-
ity of our results to the coding of the BDS. That is, many children did not pass
practice trials on the BDS (N= 252 in the fall and N= 263 in the spring) in which
they were asked to reverse in order two given numbers. Accordingly, these
children were assigned a score of 1, representing a backward digit span of one
digit. We examined response patterns for these children, and we set to missing
scores for children who repeated the assessor on the practice items (e.g. repeated
‘3, 6’ both times; N= 75 children in the fall and N= 55 children in the spring) and
imputed their scores, as these children may possibly have not understood the taskCopyright © 2013 John Wiley & Sons, Ltd. Inf. Child. Dev. 23: 4–21 (2014)
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were not meaningfully different than those in which we used with the originally
coded variable; the magnitude of the association between receptive vocabulary
at time 1 and EF at time 2 was 0.01 (p= .87), while the association between EF at
time 1 and receptive vocabulary was 0.32 (p< .001).DISCUSSION
We found that EF skills at the beginning of preschool were positively associatedwith
end-of-kindergarten receptive vocabulary, controlling for beginning-of-preschool
receptive vocabulary. By using a psychometrically valid latent representation of EF
that included all EF components at the beginning of preschool and at the end of
preschool with longitudinal invariance, we provide evidence of the role of EF skills
in supporting growth in language skills.
We also found that children’s EF skills increased from the beginning of
preschool to the end of preschool, which is to be expected given the rapid develop-
ment of EF in the preschool years. Interestingly, vocabulary in the beginning of
preschool was less predictive of vocabulary in the end of preschool, compared
with the association between EF in the beginning of preschool and EF in the end
of preschool, when we controlled for each of these skills in the beginning of
preschool. These ﬁndings are consistent with the curricula children were exposed
to; that is, the preschool programme directly targeted vocabulary but not EF.
Children’s receptive vocabulary scores are accordingly less stable over time, as this
preschool programme has shown greater success in improving children’s vocabu-
lary than children’s EF (Weiland & Yoshikawa, 2013).
We also found that receptive vocabulary skills at the beginning of preschool did
not predict end-of-preschool EF skills, controlling for beginning-of-preschool EF
skills. This result is consistent with Welsh et al. (2010), who used a composite of
attention and working memory test scores and found that beginning-of-preschool
emergent literacy skills did not predict end-of-preschool EF skills. Ours is the ﬁrst
evidence to our knowledge of a similar null ﬁnding for a beginning-of-preschool
receptive vocabulary skills and end-of-preschool EF skills link, with all three
subdomains of EF included. Interestingly, also similar to our results, Welsh et al.
(2010) found that children’s beginning-of-preschool EF skills did predict their
end-of-preschool emergent literacy. The consistency of our results with Welsh
et al. (2010) thus raises interesting questions regarding the possibility that EF plays
a similar supporting role in the development of both language and literacy skills
among preschool-aged children. Vocabulary and emergent literacy skills are
distinct but related domains, and empirical evidence suggests that vocabulary is
positively and moderately correlated with emergent literacy skills such as letter
identiﬁcation and early writing (Barata, 2011).
Our null ﬁnding, however, conﬂicts with that of Fuhs and Day (2011) who
found support for an association between fall verbal ability and spring EF but
not between fall EF and spring verbal ability. While it is not clear why the results
of their study and ours diverge, we note that their latent measure of verbal ability
included one manifest indicator of receptive vocabulary and two manifest indica-
tors of expressive vocabulary. It is possible that the association between verbal
ability and EF is different for receptive versus expressive vocabulary. The hypoth-
esized mechanism—that better vocabulary supports improved inner speech,
which may improve EF (Fuhs & Day, 2011; Zakin, 2007)—may only hold for
expressive vocabulary or general verbal ability. Also, the Fuhs and Day studyCopyright © 2013 John Wiley & Sons, Ltd. Inf. Child. Dev. 23: 4–21 (2014)
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although we controlled for home language, it is possible that our results differ
because our sample included children whose home language was not English,
while the Fuhs and Day study did not. Finally, it is not clear in the Fuhs and
Day (2011) study whether the Head Start intervention (a preschool programme
primarily targeted to low-income children) they studied directly targeted language
or EF skills, while the public preschool we studied directly targeted language
skills. While not directly comparable, public preschool programmes have been
found to have larger impacts on language than Head Start programmes (National
Forum on Early Childhood Policies and Programs, 2010; U.S. Department of
Health and Human Services, Administration for Children and Families, 2010).
While neither our study nor the Fuhs and Day study is an intervention study,
the developmental pathways between language and EF may be contingent upon
contextual factors and may vary depending on the skills targeted within a
particular intervention and by their effectiveness in doing so. The differences in the
ﬁndings of our studies highlight the need for thorough documentation of the spe-
ciﬁcs of the developmental context and the importance of conducting such studies
in different kinds of preschool settings given that the majority of 4-year-old children
in developed countries attend preschool (OECD, 2011).
In terms of the mechanism that may underlie the developmental pathway
between EF and receptive vocabulary, our study cannot distinguish between
the two possible explanations discussed early in this paper—a neurobiological
(Blair, 2002; Blair &Diamond, 2008; Blair et al., 2011; Blair & Peters, 2003) or cognitive
mechanism (Best and Miller, 2010; Diamond, 2013). Ultimately, both are viable
explanations that are consistent with our results regarding the positive relationship
between beginning-of-preschool EF and end-of-preschool receptive vocabulary.
Our ﬁndings do, however, offer counterevidence to the proposedVygotskyian-based
hypothesis that improved inner speech may be enough to support the development
of children’s self-regulatory skills, at least when receptive vocabulary is used as the
proxy for inner speech and the setting is language-rich.
Our study has several important limitations. First, because of the lack of
measures that are truly equatable for English and non-English speaking children
and because sample children spoke a diversity of languages, all children were
tested in English. Also, our study did not include a measure of IQ, so we cannot
completely eliminate the hypothesis that the relation found between EF and
language is a function of intelligence. Measures of ﬂuid intelligence are in fact
highly correlated with independent measures of EF (Duncan et al., 2008). How-
ever, the fact that we did not ﬁnd a relation between vocabulary and EF makes this
hypothesis less likely, although we cannot rule it out entirely. A third limitation is
that all sample children were enrolled in a preschool programme that used curric-
ula that targeted their vocabulary skills. Accordingly, we cannot disentangle the
effects of setting from natural development. However, given that the majority of
children in developed countries attend preschool (OECD, 2011), this is a relatively
minor limitation of our study, as preschool represents an increasingly common
context of development for children. In addition, even though we used a latent
representation of EF, it is important to note that children had to exercise language
skills to complete each task. This task impurity problem affects all studies of
children’s EF and is further compounded by the fact that the construct validity
for most EF tasks has not been well established (Espy & Kaufmann, 2002; Miyake
et al., 2000). The relatively strong correlation between EF and receptive vocabulary
at time 1 in our study (r= .66; p< .001) may reﬂect this problem; previous
researchers have noted that this problem complicates the interpretation of theCopyright © 2013 John Wiley & Sons, Ltd. Inf. Child. Dev. 23: 4–21 (2014)
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skills (e.g. Espy et al., 2004).
Future research that can identify the mechanisms underlying the developmental
pathways between EF and vocabulary among preschool children would be a
welcome addition to the literature. In addition, we know little about the optimal
way to promote children’s EF skills in preschool, and possibilities include
classroom-based interventions (Bierman, Domitrovich, et al., 2008; Bierman et al.,
2008; Diamond et al., 2007; Domitrovich, Cortes, & Greenberg, 2007; Lipina &
Colombo, 2009; Raver et al., 2008, 2011; Webster-Stratton, Reid, & Stoolmiler, 2008;
Weiland & Yoshikawa, 2013) or computerized training (Dowsett & Livesey, 2000;
Klingberg, Forssberg, &Westerberg, 2002; Klingberg et al., 2005; Olesen,Westerberg,
& Klingberg, 2004; Rueda, Rothbart, McCandliss, Saccomano, & Posner, 2005;
Thorell, Lindqvist, Nutley, Bohlin, & Klingberg, 2009). While the evidence base for
the former is comparatively stronger than that of the latter, rigorous evaluations of
classroom-based versus computerized EF interventions for preschoolers in diverse
settings are needed to more deﬁnitely inform speciﬁc programmatic choices in the
preschool period and to translate developmental studies like ours into practice.Note
1. As shown in Figure 1 and as described earlier in this paper, the DCCS test was not
given at time 2. Essentially, we treated this time 2 indicator as missing at random
in our CFA models. Because EF is generally thought to be a unitary construct in
preschool-aged children and because we conﬁrmed that conﬁgural and metric
invariance held across time, the missingness of this indicator at time 2 affects
the reliability but not the substantive meaning of the EF construct at time 2.
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